JP 96188663A Machine Translation 

09) [fcfiS] B*SftKfr (JP) . 
(12) [fc#»»l] ftHK*»« (A) 

(11) [tt§8#^] ftM¥8-1 88 66 3 

(43) [fcfflB] ¥fS85 (1 99 6) 7^230 

(54) [%wo%m atttasii«&s£& 

(51) [S|B<»K»aK6iS] C08J 7/18 GEW 

7/04 S // C08F255/00 

HOG 

[«SR*] *»# 
[ft*flO>M 1 
[dJH&ffi] OL 

(21) [ttffiHH «If7-3949 

(22) [tbJUB] ¥«75 (1 9 9 5) 1E1 3B 

(71) [ttBA] 

[flt»*«] 000002174 

[SBrXteJiHfr] *Eft*E?fr:ltKffi^;*2Ta4#4 

^ 

(72) [JBM*] 

[ft*] m* 

uzmx\t%m ] *Ej&=6©«*»reiu 2-1 a* 
(72) mh«] 

[ft*] £ift sa 

[£BtXI*]§St] *Eft=»8«*fflraiU 2-1 «* 



(19) [Publication Office] Japanese Patent Office (JP) 

(12) [Kind of Document] Japan Unexamined Patent Publication 
(A) 

(1 1) [Publication Number of Unexamined Application] Japan U 
nexamined Patent Publication Hei 8 - 188663 

(43) [Publication Date of Unexamined Application] 1996 (199 
6) July 2 3 days 

(54) [Title of Invention] SURFACE TREATMENT METHOD 
OF SUBSTRATE 

(5 1 ) [International Patent Classification 6th Edition] C08 J 7/ 
18 CEW 7/04 S //C08F255/00 MQC 



[Request for Examination] Examination not requested 
[Number of Claims] 1 
[Form of Application] OL 
[Number of Pages in Document] 5 

(21) [Application Number] Japan Patent Application Hei 7 - 39 
49 

(22) [Application Date] 1995 (1995) January 1 3 days 

(71) [Applicant] 
[Applicant Code] 000002174 

[Name] SEKISUI CHEMICAL CO. LTD. (DB 69-053-6024) 

[Address] Osaka Prefecture Osaka City Kita-ku Nishitenma 2-4 
4 

(72) [Inventor] 
[Name] Noguchi Junko 

[Address] Inside of Osaka Prefecture Mishima-gun Shimamoto- 
ho Momoyama 2 - 1 Sekisui Chemical Co. Ltd. (DB 69-053- 
6024) 

(72) [Inventor] 

[Name] Yuasa Motokazu 

[Address] Inside of Osaka Prefecture Mishima-gun Shimamoto- 
ho Momoyama 2 - 1 Sekisui Chemical Co. Ltd. (DB 69-053- 



ISTAs Paterra(tm), Version 1.5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://ww.mtlscience.com Tel:800-430-5727) 



P.l 



BEST AVAILABLE COPY 



JP 96188663A Machine Translation 



(72) 

[ft*] ^ «€E 

[ttBiXliJgBr] *KJ&H6S6*BJ5lU 2-1 «* 
(57) [Rfl] 



K£#£*fc<£i-*<&a(i«l::@*RW*6 
COS^-C. tt*tt7SB(::*a«aigfcSE£attiLT 

£fc»?H*jar*»2a>xgfr&*So 




6024) 
(72) [Inventor] 
[Name] Kawai Shigemasa 

(57) [Abstract] 

[Objective] As water repelling ability which is superior on subst 
ate surface is granted, surface treatment method ofthe 
sustainable substrate is offered water repelling ability over long 
period. 

[Constitution] In surface of substrate 7 monomer first step whic 
h deposits. Arranging said substrate between metal 
counterelectrode 4,5 which mounts solid dielectric 6 in 
theopposing surface of at least one in atmosphere of mixed gas 
of inert gas and thefluorine containing gas, with pressure of 
atmospheric pressure vicinity, in said substrate 7 surface 
applying doing thevoltage between metal electrode and plasma 
discharge which occurs contacting itconsists of second step 
which forms layer which includes fluorinein substrate 7 surface. 



[ftft»#<&ffiS] [Claim(s)] 



fell*, *«Ei£«0)E*)T-e, tt^SS^ftJlKfi 

*r«HH=7v*t*t?ii*»*'r*»2«>xa^6«:* 



[Claim 1] In surface of substrate monomer first step which depo 
sits. In opposing surface of at least one solid dielectric was 
mounted arranged said substratebetween metal electrode which 
faces rear, Putting said substrate in atmosphere of mixed gas of 
inert gas and thefluorine containing gas, under pressure of 
atmospheric pressure vicinity, in said substrate surface applying 
doing thevoltage between metal electrode and plasma discharge 
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which occurs contacting thesurrj^reatment method of 
substrate which designates that it consists of second stepwhich 
forms layer which includes fluorine in substrate surface asfeatur 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards surface t 
reatment method of substrate. 

[0002] 

[Prior Art] Method which until recently, rendering water repella 
nt does surface of plastic substrateis many proposed method 
which forms coating of poly tetrafluoroethylene (PTFE) or 
other fluorine containing resin with physical vapor deposition 
method is statedin for example Japan Unexamined Patent 
Publication Showa 56 - 98475 disclosure , but with this method 
as for coating which is acquired,the conformity of substrate wa.* 
insufficient, there was a margin ofimprovement in durability. 

[0003] In addition, substrate low pressure glow discharge treatm 
ent is done under existing of fluorine containing gas,the 
fluorine-containing group is introduced into surface and methoc 
( KobunshiRonbunshu (0386-2186, KBRBA) ,50,1(1993)) 
which therendering water repellant is done is proposed, but wit) 
this method, because thickness ofthe water-repellent film which 
surface treatment is done quite is thin, under environment 
wherethe humidity is high there was a possibility water repellin 
ability decreasing easily,it could not acquire sufficient durabilifr 
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[0004] Then, there is a method which graft polymerization is 
done as method whichobtains surface-treated article which is 
superior in hydrophilic durability. With this method, with 
pressure where 0.01 to 10 Torr extent is low afteractivating 
substrate surface with glow discharge plasma , graft 
polymerization is done methodwhich, has been proposed 
monomer in acrylamide or other monomer solution by Ikada 
person,[ Macromolecules (0024-9297, MAMOBX) ,19, 1804 
(1986)]. 

[0005] But, this method, is not statement that, it is adapted to 
water repellant treatment, border furthermore, to generate 
glow discharge plasma with low pressure, it wasnecessary for 
container to need expensive vacuum chamber, in addition to 
install thevacuum pumping equipment. Furthermore, in order 
to treat in vacuum, when it tries to treatthe substrate of large 
surface area vacuum container must be enlarged, at same time, 
the vacuum pumping equipment those of high output become 
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[0006] 



[0007] 



necessary. Therefore, there wa^Hbblem that facility itself 
becomes very expensive ones. When on that, surface 
treatment of plastic substrate where absorbed water is high is 
done,the lengthy is required in pulling a vacuum, there was als< 
a problem that the processed article becomes high cost 

[0006] 

[Problems to be Solved by the Invention] As for this invention, 
it is something which can be done in order to solvethe above- 
mentioned deficiency, object as water repelling ability which is 
superior byon plastic substrate surface forming water repellenc} 
coating under pressure of atmospheric pressure vicinity 
isgranted, is to offer surface treatment method of sustainable 
substrate water repelling ability over long period 

[0007] 

[Means to Solve the Problems] As for surface treatment method 
of substrate of this invention, in surface of substratethe 
monomer first step which deposits. In said substrate surface 
applying doing voltage between metal electrode, plasma 
dischargewhich occurs contacting, it consists of second step 
which forms thelayer which includes fluorine in substrate surfac 
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[0008] As above-mentioned substrate, for example polyethyle 
ne , acrylic resin , polycarbonate , you canlist polyethylene 
terephthalate or other resin film or plate etc. chemical 
treatment, corona treatment and low pressure glow discharge 
treatment or other preprocessing may be administered reaction 
efficiency ofthe monomer to these substrate , in order to 
improve by known method. 

[0009] With first step of this invention, monomer it deposits in 
surface of theabove-mentioned substrate. As above-mentioned 
monomer, if it is something which possesses theportion which 
can generate radical due to plasma illumination in 
intramolecular,there is not especially restriction, one or more 
monomer which iscontained is used for example double bond 
and triple bond or other unsaturated bond , peroxidized bond 
and azo bond etcfor ideal. 

[0010] As this kind of monomer, you can list for example (met 
h)acrylic acid , (meth)acrylamide , sodium (meth)acrylate , the 
potassium acrylate , methyl (meth)acrylate , ethyl 
(meth)acrylate , (meth)acrylonitrile , vinyl acetate , styrene , 
the penta deca fluoro octyl acrylate , trifluorochloroethylene 
and trifluoroethyl methacrylate etc, as for these even when 
being usedwith alone 2 kinds or more may be jointly used. 



[0011] In above-mentioned monomer, hydrophobic monomer 
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where thick water-repellent filiflfe themoldable and 
unsaturated bond with polymerization reaction especially is 
desirable. But, because with plasma treatment said monomer 
fluoride it is done even withwhen always is not necessaiy to be ; 
hydrophobicity, uses for example hydrophilic monomer, it 
ispossible to form water-repellent film in substrate surface. 

[0012] It is possible to use above-mentioned monomer, that wa 
y and, meltingin solvent, it is possible to use. As solvent, 
organic solvent where solubility of monomer is high can beuse< 
but boiling point is low, easy methanol of drying, use of 
ethanol and acetone or other organic solvent is desirable. 
When substrate surface receives damage considerably with these 
solventjnaking use of water it is good 

[0013] There is not especially restriction above-mentioned mo 
nomer as themethod which deposits in substrate, when for 
example liquid monomer or monomer solution isused, method 
which soaks substrate in liquid; method which isapplied to 
substrate surface with such as brush is blown with spray etc;it 
can list method which etc. When monomer it deposits in 
substrate surface making use of monomer solution andthe liquic 
monomer, solvent which deposits in according to need and 
substrate dryirtj # X it is good with known method. In 
addition, when powder of solid monomer is used, it is possible 
tospread to substrate surface making use of sieve etc. 

[0014] With second step of this invention, monomer putting su 
bstrate whichdeposits, in atmosphere of mixed gas of inert gas 
and fluorine containing gas withthe first step, under pressure of 
atmospheric pressure vicinity, in said substrate surface 
imparting doingthe voltage between metal electrode and plasma 
discharge which occurs contacting itforms layer which includes 
fluorine in substrate surface. 

[0015] As above-mentioned inert gas, you can list for example 
helium, neon , the argon , xenon or other rare gas and 
nitrogen gas etc, as for these even when being usedwith alone 2 
kinds or more may be jointly used. Especially, among inert ga* 
helium gas lifetime of metastable state to belong, because are 
convenient to excitation of gas for treatment,it is desirable. As 
above-mentioned inert gas, when anything except helium is 
used,mixing acetone and methanol or other organic substance 
vapor and methane and ethane or other hydrocarbon gas of 
the2 vol% or less, it is desirable to use. 

[0016] As above-mentioned fluorine containing gas, you can lis 
t for example carbon tetrafluoride (CF4), carbon hexafluoride 
(C2F6) andthe hexafluoropropylene (C3 F6) or other 
fluorinated hydrocarbon gas ; one chlorination three 
fluorocarbon gas (CC1F3) or other halogenated hydrocarbon gas 
; sulfur hexafluoride (SF6) or other sulfur fluoride compound 
etc. Especially, because in these fluorine containing gas, as for 
carbon tetrafluoride , carbon hexafluoride andthe 
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hexafluoropropylene, safety doWRt form hydrogen fluoride 
or other toxic gas highly, it is desirable. 
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[0017] As for proportion of above-mentioned inert gas and fluo 
rine containing gas, it isdecided appropriately by types of gas 
which is used, butwhen quantity of fluorine containing gas 
becomes many, imparting doing thevoltage, because plasma 
discharge becomes difficult to occur, 10 vol% or less isdesirable 
it is a more preferably 0. 1 to 5 vol%. 

[001 8] Mixed gas of above-mentioned inert gas and fluorine co 
ntaining gas is maintained atthe 100 to 800 Torr which is a 
pressure of atmospheric pressure vicinity, but being actually 
pressure adjustmenteasy, at same time equipment becomes 
simple, pressure of the700 to 780 Torr is desirable. In addition, 
when plasma discharge contacting, activating in substrate 
surface, the substrate may be cooled being heated, to room 
temperature to be maintained ispossible. 

[0019] Time when it requires in above-mentioned plasma disciu 
rge treatment is decidedappropriately by types of size of applied 
voltage and gas andthe monomer which are used. 

[0020] With above-mentioned plasma discharge treatment , m 
onomer on substrate, layerwhere polymerization reaction 
happens, includes fluorine monomer substrate and bythe 
grafting reaction doing is formed, water repellency is granted to 
substrate, fluorine containing layer which was formed in this 
way under fluorine gas existingbecomes thick in comparison 
with when low pressure glow discharge treatment it does 
substrate, inaddition, when substrate and grafting reaction it 
does, above-mentioned fluorine containinglayer and substrate 
stick to Arm. In addition, durability which is superior due to fac 
that thefluorine is introduced by above-mentioned plasma 
discharge treatment, is acquired. 

[0021] When from above-mentioned plasma discharge treatme 
nt, unreacted monomer remains in substrate surface,the low 
molecular weight homopolymer etc forms, it is a removable by 
washing with according to need , thewater and organic solvent 
etc. 

[0022] While surface treatment method of this invention, refer 
ring to drawing, you explain indetail. Figure 1 shows 
equipment which is used for 1st step, this equipment, isformed 
from power supply 1, treatment vessel 2, upper electrode 4 
and bottom electrode 5. power supply 1 voltage of frequency 
of kHz order is applicable, when thesubstrate where heat 
resistance is low is treated, frequency where 5 to 30 KHz islow 
desirable. 

[0023] Occurrence of above-mentioned plasma discharge occur? 
voltage by impartingdoing in electrode, but as for electric field 
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strength, when it becomes weaflJBReto be required for 
treatment too much, when it becomes strong, becausethe 
behavior which moves to arc discharge is shown, 1 to 40 kV/crr 
extent is desirable, surface treatment part (plasma discharge 
generating part)3 due to above-mentioned plasma discharge, is 
spacebetween electrode 4 and 5 which face. 

[0024] As for above-mentioned treatment vessel 2, those of he 
at resistant glass make are used,but if insulating of electrode is 
maintained, it is possible to be a stainless steel , a al uminu m , a 
copper and a aluminum or other metallic, upper electrode 4 
and lower electrode 5 of parallel flat plate type of pair 
whichfaces are arranged inside this treatment vessel 2. As 
electrode structure, cylinder-opposing flat plate type other 
than parallel flat plate type, it is possible to be a sphere- 
opposing flat plate type , a hyperboloid-counter-flat plate type 
or a coaxial cylinder, to be a thin wire of plural and 
somethingwhich consists of flat sheet it is possible. As material 
of upper electrode 4 and lower electrode 5, you can list 
stainless steel , the brass , aluminum and copper etc. 

[0025] In order to cover electrode entirety, solid dielectric 6 is 
arranged on side whichopposes to upper electrode 4 of above- 
mentioned lower electrode 5. When there is a portion which 
even at portion of electrode is notcovered with solid dielectric 
6, because arc discharge happens from there, it isnot desirable. 
In addition, above-mentioned solid dielectric 6, as shown in 
Figure 1, always,does not have necessity to be arranged in lowc 
electrode 5, is possibleto upper electrode 4 to be arranged, to 
both of upper electrode 4 and lower electrode 5to be arranged L< 
possible. 

[0026] As above-mentioned solid dielectric 6, polytetrafluoroe 
thylene (PTFE) and polyethylene terephthalate (PET) or 
other plastic ; you can listthe Si02 , AI2O3 , Zr02 , Ti02 or 
other metal oxide unit and these compound, shape, may be 
whichever of sheet and film. 



[0027] As for thickness of above-mentioned solid dielectric 6, vi 
hen it becomes the thin, insulation breakdown happening at 
time of applying voltage, arc discharge tobe likely to occur, 
when it becomes thick, because high voltageis required in orde 
to generate plasma discharge, 0.05 to 4 mm is desirable. 

[0028] Distance between upper electrode 4 and lower electrode 
5 is decided appropriately thethickness of solid dielectric 6, 
thickness of substrate 7, by size and gas flowetc of applied 
voltage, but when it becomes small, unused gas becoming man) 
to become inefficient, when it becomes large, because 
theuniformity of plasma discharge is impaired, 1 to 30 mm is 
desirable. 



[002 9] ±E£# 7 It. 01 -eiiBftRBfc 6 ±\z [0029] Because above-mentioned substrate 7 with Figure 1 is ai 
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ranged on thesolid dielectric 6, ne surface (In figure top 
surface ) is done plasma discharge treatment, but when plasma 
discharge treatment isneeded in both sides of substrate 7, if 
surface treatment part 3 between upper electrode 4 andthe 
bottom electrode 5 with floated state plasma discharge it should 
have contacted. 

[0030] As for fluorine containing gas passing by gas inlet tube : 
from upper electrode 4 of porous structure, asfor inert gas 
from gas inlet tube 9, it is supplied to surface treatment part 3 
respectively^ time of above-mentioned plasma discharge 
treatment furthermore, upper electrode 4 has porous 
structure when, fluorine containing gas to become possible to 
supply to uniform in surface treatment part 3,because uniform 
plasma discharge it can contact, it is desirable, but while 
agitatingthe fluorine containing gas and inert gas to surface 
treatment part 3, while supplying, blowing theaforementioned 
gas to substrate 7 with high speed if uniform feed ispossible by 
supplying, it is not necessary to be a porous structure always. 

[0031] As for above-mentioned fluorine containing gas and ine 
rtgas, flow iscontrolled by mass flow controller (unshown), ga 
of excess is discharged from theoutlet 10. Furthermore , when 
introducing fluorine containing gas and inert gas intothe 
treatment vessel 2, it is desirable to discharge air which remains 
insidethe said container 2 from exhaust port 1 1. 

[0032] 

[Working Example(s)] Below, this invention is explained on ba 
sis of Working Example. 

(Working Example 1) 

<First step> After imparting doing voltage of 30 kV with comm 
ercial corona treatment equipment ( Kasuga Electric Works Ltd 
(DB 69-060-1398) supplied and form " HF SS- 103 "), the 15 
second corona treatment doing polyethylene film (Product 
Hishi packing supplied "n-F", contact angle 9 one time ) 
substrate 7 of 100 mm square X 50 m thick, spraying it did 
themethanol solution of methyl methacrylate of 70 weight% 
on this, it left with room temperature anddried solvent 

[0033] <Second step> it set distance of upper electrode 4 and 1 
ottom electrode 5 which race tome 5 mm in equipment (metal 
electrode 80 mm diameter) which is shown in Figure 1, it 
arranged thesubstrate 7 which was treated on bottom electrode 5 
which mounts poly flut^ijtetra jp8ream of thickness 1 mm 
and 120 mm square, with first step, to 1 Ton* theexhaust did 
with oil rotary pump. Next, CF4 gas, with flow 10 seem from 
gas inlet tube 8, with flow 990 sccmrespectively from gas inlet 
tube 9 it introduced He gas into container 2,made atmospheric 
pressure of 760 Torr. after that, applying it did voltage of 1 5 
KHz and theS.l kV in electrode and 20 second left, formed 
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fluorine containing layer in the^^rate 7 surface. 
Furthermore , light emission of plasma discharge was observed 
attendantupon voltage application. 

[0034] (Working Example 2) 

<First step> On polyethylene terephthalate film ( Toray Indust 
ries Inc. (DB 69-053-5422) supplied w Lumirror T50", contact 
angle 7 0 degrees ) substrate 7 of 100 mm square X 50 m 
thick, methyl methacrylate was applied with thebrush. 

<Second step> it set distance of upper electrode 4 and bottom 
electrode 5 which face to the 5 mm in equipment (metal 
electrode 80 mm diameter) which is shown in Figure 1, it 
arranged thebasic material 7 which was treated on bottom 
electrode 5 which mounts quartz glass of the thickness 2 mm 
and 120 mm square, with first step, to 1 Torr exhaust did 
withthe oil rotary pump. Next, C2F6 gas, with flow 5 seem 
from gas inlet tube 8, with flow 995 sccmrespectively from gas 
inlet tube 9 it introduced He gas into container 2 > made 
atmospheric pressure of 760 Torr. after that, imparting it did 
voltage of 15 KHz and the5.5 kV in electrode and 20 second 
left, formed fluorine containing layer in the basic material 
surface. Furthermore , light emission of plasma discharge was 
observed attendantupon voltage application. 

[0035] (Working Example 3) 

<First step> In order on polycarbonate plate ( Asahi Glass Co. 
Ltd. (DB 69-055-3888) supplied " Lexan contact angle 67) 
substrate of 100 mm square X 3 mm thickness, to cover sheet 
surface thepowder of acrylamide making use of sieve, it covere 
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<Second step> it set distance of upper electrode 4 and lower el 
ctrode 5 which face tothe 7 mm in equipment (metal electrode 
80 mm diameter) which is shown in Figure 1, it arranged 
thebasic material 7 which was treated on lower electrode 5 
which mounts Ti(32 sinter of the thickness 2 mm and 120 mm 
diameter, with first step, to 1 Torr exhaust did withthe oil 
rotary pump. Next, CF4 gas, with flow 10 seem from gas inlet 
tube 8, with flow 990 sccmrespectively from gas inlet tube 9 it 
introduced He gas into container 2,made atmospheric pressure 
of 760 Torr. after that, applying it did voltage of 1 5 KHz 
and the3 kV in electrode and 20 second left, formed fluorine 
containing layer in the basic material 7 surface. Furthermore , 
light emission of plasma discharge was observed attendantupon 
voltage application. 
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[0036] (Comparative Example 1) it set distance of upper elect 
rode 4 and lower electrode 5 which face tothe 5 mm in 
equipment (metal electrode 80 mm diameter) which is shown in 
Figure 1, on lower electrode 5 whichmounts 
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polytetrafluoroethylene of thici^PS 1 mm and 120 mm 

square, it arranged polyethylene film (Product Hishi packing 
supplied "II-F", contact angle 9 one time ),to 1 Torr exhaust 
did with oil rotary pump. Next, CF4 gas, with flow 10 seem 
from gas inlet tube 8, with flow 990 sccmrespectively from gas 
inlet tube 9 it introduced He gas into container 2,made 
atmospheric pressure of 760 Torr. after that, applying it did 
voltage of 15 KHz and the5.1 kV in electrode and 20 second 
left, formed fluorine containing layer in the substrate surface. 
Furthermore , light emission of plasma discharge was observed 
attendantupon voltage application. 
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[0037] Contact angle was measured concerning substrate which 
possesses fluorine containinglayer which is acquired with 
substrate and Working Example and Comparative Example 
which are usedwith above-mentioned Working Example and 
Comparative Example, measurement result was shown in Table 
1 . water drop of 2 mm was dripped to measurement of contact 
angle, withthe 1 cm interval, Kyowa Interface Science Co. Ltd 
(DB 69-270-5080) supplied " contact angle measurement 
equipment (tradename :CA - D)" was used, static contact angle 
was measured. Furthermore measurement of static contact 
angle immediately afterforming fluorine containing layer and al 
60 °C underwater measured respectivelyafter 7 day leaving. 

[0038] 

[Table 1] 
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[0039] 

[Effects of the Invention] Constitution of surface treatment me 
thod of substrate of this invention to beabove-mentioned sort, 
it to be possible to form fluorine containing layer 
whichpossesses water repellency which on plastic substrate 
surface is superior under pressure ofthe atmospheric pressure 
vicinity because water repelling ability it is maintained over lonj 
period, it isused for ideal surface treatment for antifouling 
property improvement of plastic molding and themold release 
layer of adhesive, as forming method of waterproof film and 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a conceptual diagram which shows equipment w 
ch is used with second step ofthe surface treatment method of 
this invention. 

[Explanation of Reference Signs in Drawings] 

1 power supply 

2 heat resistance glass container 

3 surface treatment part 

4 upper electrode 

5 lower electrode 

6 solid dielectric 

7 substrate 

8, 9 gas inlet tube 

10 outlet 

11 air outlet 
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[Figure 1] 
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